Evaluating surveillance results is important in estimating the risk of bovine spongiform encephalopathy (BSE) cases in a particular country, or in countries from which products are imported. Although various methods have been proposed for quantitative evaluation of surveillance results, no methods focusing on surveillance from a qualitative perspective have yet been established. The authors have developed an objective method for evaluating the qualitative aspects of BSE surveillance, based on the analytic hierarchy process. Factors related to surveillance credibility were selected through expert meetings and arranged in a hierarchical structure. These evaluation factors were also weighted, so that a points system could be used for evaluation. As a result, 13 evaluation factors comprising three-layer hierarchies were generated. When surveillance in Japan before and after a BSE case was evaluated using this evaluation system, an improvement in the quality of the surveillance was observed after the outbreak. Although this study suggests that the selection of the experts had a significant effect on the outcome, the authors believe that this method will also be applicable for establishing qualitative evaluation systems for other diseases.
Introduction
Bovine spongiform encephalopathy (BSE) is a disease of the central nervous system in cattle that was first detected in the United Kingdom in 1986 (8) . Since a causal association with variant Creutzfeldt-Jakob disease in humans has been documented, the disease has also become important from a public health perspective. In countries where there have been BSE cases, or where there is a risk of its occurrence, appropriate measures must be taken in accordance with the results of risk assessments. If these measures are not taken, domestic cattle and human populations could be exposed to the BSE agent. Moreover, other countries may be exposed to similar risks through the importation of cattle and bovine products from these countries. For these reasons, it is important to evaluate the BSE risk in countries or regions accurately, not only from the animal and public health perspectives, but also from the point of view of international trade.
Appropriate evaluation of surveillance results is of the utmost importance for evaluating the BSE status of the countries in question. Since BSE has a long incubation period and there are no diagnostic tests for live animals, the prevalence of BSE must be estimated by taking into account the age structure of the cattle population and the clinical status of the tested cattle. The World Organisation for Animal Health (OIE) has formulated the Terrestrial Animal Health Code, which sets out guidelines for BSE surveillance that must be conducted in accordance with the risk of disease (9) . These guidelines are based on a model developed for estimating prevalence through statistical analysis of surveillance results (4, 5) . This spreadsheet model estimates the prevalence in the entire cattle population or for each birth-year cohort within a country, based on the accumulated number of cases detected and the numbers of surveillance tests by age and by category of tested cattle. Consequently, this method emphasises the importance of obtaining quantitative evaluation results from quantitative data from the surveillance.
However, evaluating surveillance results requires not only numerical analyses of the results but also an evaluation of the surveillance system itself, which affects the credibility of the results. If the quality of the surveillance system and/or compliance with its implementation are not considered, the results of quantitative evaluations are unlikely to be accurate or reliable. Therefore, it is important to evaluate surveillance from both quantitative and qualitative perspectives, and the authors believe that more accurate evaluation is possible through the complementary use of these approaches. However, no objective evaluation methods focusing on the qualitative approach have yet been developed.
The analytic hierarchy process (AHP) (3) is a technique used in social science when attempting to organise complex relationships between elements into a structure or system based on subjective judgements, such as experience. In this study, a method using the AHP was developed for evaluating surveillance from a qualitative perspective. This method was then used to evaluate BSE surveillance in Japan, to examine whether accurate assessment from a qualitative perspective is possible.
Materials and methods
The authors employed a semi-quantitative evaluation approach. A score was given, in accordance with clear evaluation standards, to maintain the transparency and objectivity of the evaluation process. The AHP was used to organise the evaluation factors and to determine the score weights. The evaluation system was developed according to the process shown in Figure 1 . After the experts had been invited to participate (see 'Composition of the expert meetings', below), a hierarchy of the evaluation factors was generated (see 'Hierarchy generation', below), and the factors were weighted according to the AHP (see 'Weighting of factors', below). The evaluation standards for each factor were then determined (see 'Determining evaluation standards', below). Finally, the applicability of the system was examined by evaluating BSE surveillance in Japan before and after an outbreak in 2001.
Composition of the expert meetings
To construct the evaluation system, suitably qualified people were sought for a panel of expert judges, with reference to the conditions described by Hora (2) . As a result, seven experts from within Japan were invited to participate. These experts had various specialties, including BSE epidemiology, BSE diagnosis, control measures and general food safety and public health.
Hierarchy generation
The AHP first calls for the problem under study to be reorganised into a hierarchical structure. Such a structure allows a firm grasp of mutually exclusive and collectively exhaustive problem elements. There is no limit to the number of levels, although too many levels and variations in the number of levels should generally be avoided. In this study, the authors set the credibility of BSE surveillance as a key element for qualitative evaluation and constructed the hierarchical levels by selecting specific factors related to this point. Before the expert meeting, publicly released information on surveillance in various countries was studied, and specific items that were considered to be related to the credibility of the surveillance were selected. 
Trial
The developed system was actually used by the seven experts to evaluate BSE surveillance (described in 'Composition of the expert meetings', above), to examine whether it could work properly with real data sets. Since it was difficult to obtain sufficient information on foreign countries within the scope of this study, BSE surveillance in Japan was evaluated. The system for implementing BSE surveillance in Japan changed considerably after the BSE outbreak in September 2001. Therefore, two sets of data were evaluated and compared, one from before the BSE outbreak (2001) and the other from after the BSE outbreak (current surveillance), to identify and evaluate any changes in the credibility of BSE surveillance that were brought about by the outbreak in Japan.
Results

Evaluation systems and standards
The structure of the evaluation system and the weights for the individual factors are shown in Figure 2 . Five expert meetings were held between August 2006 and February 2007 to develop this evaluation system. To build the hierarchical structure, the authors first divided the factors into two categories: -those affecting the quantitative evaluation -those affecting the quality of surveillance.
The authors then determined the evaluation factors for each of these categories (Fig. 2) . The factors affecting the quantitative evaluation were those directly related to the credibility of the numerical parameters used for assessing outputs, including: -the identification system of individual cattle -the sampling strategies -the definition of the targeted group of cattle.
The factors affecting the quality of surveillance included various rules for compliance and systems for ensuring accurate diagnosis.
The numerical values written under each factor in Figure 2 indicate the weight of the factor. For example, a weight of 0.50 was given to the factor labelled: '1. Factors affecting quantitative evaluation' in the first level of the hierarchy, while the factor labelled: '1-1. Surveillance planning', one of the three factors derived from the factor in the first layer, was given a weight of 0.17 out of the 0.50 for the first-layer element. These weights were determined from the pairwise comparisons conducted by the experts. The element given the largest weight was: '1-3-2. Objectivity of clinical diagnosis' (0.13), followed by: '2-2-4. Inspection This information was then used as the basis for 'brainstorming' by the experts, and the relevant evaluation factors were determined and structured.
Weighting of factors
Only important factors were selected for the hierarchical structure, although some factors were considered to be more important than others. This level of importance was given a numerical value, based on the judgement of the experts, so that the qualitative aspects of BSE surveillance could be treated in a semi-quantitative manner. Weights were assigned to the individual factors comprising the structure generated in 'Hierarchy generation', above. In this study, the following weighting process was used, with reference to Saaty (6) , which enables the decision-making of a particular group to be quantified.
-Each member of the expert panel made pairwise comparisons of all the evaluation factor pairs in each level of the hierarchical structure. A consistency index (CI) value was calculated to evaluate the consistency of the pairwise comparisons. The closer the CI value was to 0, the greater the consistency of the pairwise comparisons, while larger values indicated lower consistencies. Pairwise comparisons are generally regarded as consistent if their CI values are less than 0.15 (6).
-The results of the weighting by each member were presented to the other members, and discrepancies in the results were discussed. Pairwise comparisons with a CI value of 0.15 or more were reassessed.
-Each member then reviewed their pairwise comparisons in light of the discussions, and assigned weights to the factors again.
-The geometric means of the weights for each factor were used as the group weights. In this way, the weights for the evaluation factors were determined.
Determining evaluation standards
Indicators and standards for evaluating each factor were determined during this process. A five-level rating system for evaluation standards was used, with five points indicating an ideal situation (Excellent), three points indicating that a situation was only just satisfactory (Minimum requirement), and one point meaning that the situation was inappropriate (Poor). Evaluation standards for two points and four points were added as necessary.
The evaluation score was calculated by multiplying the score obtained from the evaluation standards by its corresponding weight. The overall score was found by totalling the scores for all factors.
possible. However, some of the evaluation indicators were such that the outcome was affected by the subjective judgement of the evaluator. Therefore, to limit the influence of evaluator subjectivity, the authors created reference notes to accompany the evaluation standards, thus ensuring that the evaluator adequately understood the evaluation criteria. For example, 'Well-developed system' in the evaluation standard '1-3-2. Objectivity of clinical diagnosis' refers to the question, 'Who does the inspection? (Clinical diagnosis accuracy management' (0.11) and then: '1-1-1. Readiness of basic data' (0.10). This indicates that these evaluation factors were regarded as more important than the other factors.
The evaluation indicators and standards are shown in Tables I and II . The evaluation indicators refer to specific items on which the factors were evaluated. In this study, a score was assigned through a five-level rating system. The evaluation standards in the rating system were generated in such a way that decisions could be made as objectively as by a veterinarian is preferable at either a slaughterhouse or on a livestock farm)'. Meanwhile, 'Well-developed system' in '2-2-1. Sampling method' refers to the existence of facilities and guidelines for education and training in the appropriate collection and storage of specimens.
The 'relevant legislation' under the evaluation standards for '2-1-1. Development of laws and providing education' refers to the laws laid down by each country, which provide legal authorisation for the implementation of BSE surveillance. No manual has been created, but a well-developed system has been established 5 Well-developed system has been established, and a manual has been created Inspection accuracy Approval system 1 There is no performance assurance 2 Performance assurance is inadequate, but a system has been established for its handling after production 3 Performance of the BSE test kit is assured in accordance with the laws concerned, but there is no system for its handling after production 4 -
5
Performance of the BSE test kit is assured and a system has been established for its handling after production, in accordance with the related laws BSE: bovine spongiform encephalopathy
Trial results
Table III and Figure 3 show the evaluation results for BSE surveillance in Japan before and after the BSE outbreak in 2001. Before the BSE outbreak, the global score was 3.70, while the score for the current system is 4.78.
An improvement in quality was seen after the BSE outbreak in the factors of: -'Surveillance planning' -'Execution of surveillance' -'Compliance with related systems'.
In particular, there were improvements of at least two points in the following five criteria: -'Making surveillance plan' -'Accuracy of individual cattle identification data' Monitoring system (0.04) Monitoring system 1 3
Transparency and incentive system (0.07) Compensation system 3 4
Measures to deal with non-compliance, information disclosure (a) Evaluation result = ∑(weight (i) × score (j) ). The weight is derived from Fig. 2 The summation of each point is not equal because of rounding errors -'Objectivity of target group' -'Development of laws and providing education' -'Monitoring system'.
Appropriateness of test method
None of the scores for the current system was lower than the scores before the BSE outbreak. After the outbreak, laws were enacted to implement BSE-related measures in Japan. This resulted in the establishment of an active surveillance system and an individual cattle traceability system, which, the authors presume, has played a major role in improving the quality of BSE surveillance in Japan.
Discussion
In this study, a method was developed, using AHP, to evaluate BSE surveillance from a qualitative perspective. When this method was used to evaluate data from before and after the BSE outbreak in Japan in 2001, it confirmed that the qualitative assessment of surveillance improved after the outbreak, thereby suggesting that this method could be used to qualitatively evaluate BSE surveillance.
To date, AHP has been employed to determine business strategies or by national administrative bodies to make policy decisions. If the opinions of a number of experts are to be converged into a single system, as in this study, it is imperative that there is a common understanding of the topic in question among the participants. If there is substantial disparity in the levels of understanding among the experts, it may be difficult for an agreement to be reached through the approach used here.
If this is the case, the process used in this paper may be better regarded as a step to improve mutual understanding through discussions under the same framework. Moreover, when specialists from the same country gather together, they have the advantage of sharing a sense of values and an easy mutual understanding. However, it is also possible that the cases and policies experienced by this country may influence the evaluation and cause biases in the awareness of issues. In this study, the members were primarily experts with international experience. However, this effect should be further examined in the future.
The AHP has rigorously questioned the specialisation of the participants. However, since fields related to BSE surveillance, the topic addressed in this study, are extremely specialised, it was necessary to establish an expert panel consisting of experts with specific knowledge. Although the experts were selected with reference to the criteria described by Hora (2), there was a wide variation in the knowledge that each expert had on the issues.
For this reason, while the experts understood that all the evaluation factors were important, in the beginning, they had a tendency to assign higher weights to factors that were closely connected with their own area of expertise. Specifically, the specialists on BSE diagnosis initially regarded the reliability of the test as important, giving high weights to the evaluation criteria '2-2-1. Sampling method' and '2-2-4. Inspection accuracy', whereas the specialists on BSE epidemiology regarded the veterinary system and objectivity of the targeted population as important, giving high weights to '1-2-1. Sampling system' and '1-3-2. Objectivity of clinical diagnosis'.
However, during the discussions, they began to understand alternative perspectives, and a change was seen in the distribution of the weights. From that standpoint, each of the experts realised the differences in assumptions made by the others, and they began to share an overall view of BSE surveillance. It was ultimately concluded that '1-3-2. Objectivity of clinical diagnosis' and '2-2-4. Inspection accuracy' should be regarded as the most important factors. If a similar attempt were conducted by another group of experts using the same process, the results would not be identical. Therefore, it is important that the AHP is applied with particular attention to selecting experts who lack bias towards a particular field and to providing an environment that allows mutual understanding to evolve and consensus to be reached. The best way to achieve this is by allowing sufficient time to understand the issues, make changes and agree on aims and definitions.
Surveillance is important for gaining an accurate picture of the BSE status of a region, and so international standards have been laid down for conducting BSE surveillance. This study shows an approach that enables an objective evaluation of the qualitative aspects of surveillance, through the development of an evaluation system using AHP. It is possible to improve evaluation of BSE surveillance by considering qualitative evaluation results, as well as quantitative evaluation methods. Although the available data were limited, the authors performed such evaluations using relevant, publicly disclosed information from selected foreign countries. The evaluation scores tended to be higher for countries that had strengthened their internal measures after a BSE outbreak. The fact that partial evaluation was possible using publicly disclosed data suggests that this method could be applied to BSE surveillance in other countries.
There are many instances in which it is difficult to objectively and qualitatively evaluate information. Under these circumstances, it can be helpful if some type of evaluation framework is established to incorporate expert opinions into the decision-making process systematically. A study by Gallagher et al. (1) , which evaluated the risk of foot and mouth disease (FMD) in Europe, is an example of the consensus method in veterinary medicine. This particular study applied the Delphi method. Experts attending a workshop were repeatedly given questionnaires on the countries where FMD was most likely to occur. The conclusions were drawn when the answers converged to a specific degree.
The authors' approach was different, in that they attempted to reach a consensus on the problem' s structure and evaluation system through expert discussion. The AHP was applied to the process of creating a hierarchical structure and weighting factors. This method can take several factors into consideration simultaneously, thus allowing for dependence and feedback, and making numerical tradeoffs to arrive at a conclusion (7).
When evaluating surveillance, the importance of the qualitative perspective is not limited to BSE surveillance. Other infectious animal diseases, such as FMD and avian influenza, also affect the international trade of livestock and animal products. However, for qualitative evaluation of surveillance for these diseases, the development of separate evaluation systems would be necessary. The authors believe that the approach adopted here could equally be used for these purposes, taking into consideration the epidemiology of the respective diseases.
Conclusions
An objective method for evaluating the qualitative aspects of BSE surveillance was developed, using the AHP. As a result, 13 evaluation factors comprising three-layer hierarchies were generated. Surveillance in Japan before and after the BSE outbreak in 2001 was evaluated using this system and an improvement in the quality of surveillance was observed after the outbreak. Although this study suggests that the selection of experts has an effect on the outcome, the authors believe that this method will be useful in establishing qualitative evaluation systems for other diseases. Les facteurs à évaluer pour déterminer la fiabilité de la surveillance ont été choisis en consultation avec des experts et classés suivant une structure hiérarchique. Ce classement a ensuite été pondéré de manière à générer un système de notation par points aux fins de l'évaluation. Le système ainsi obtenu comporte 13 facteurs d'évaluation contenant chacun trois niveaux hiérarchiques. Au Japon, ce système d'évaluation de la surveillance a permis d'améliorer la qualité de la surveillance exercée après la survenue d'un foyer. Les auteurs de cette étude constatent que le choix des experts a effectivement influencé de manière significative le système mis en place ; néanmoins, ils estiment que la méthodologie d'évaluation qualitative pourrait s'appliquer utilement à d'autres maladies.
Mots-clés
Analyse hiérarchique -Encéphalopathie spongiforme bovine -Évaluation -Évaluation qualitative -Japon -Surveillance.
Concepción de un sistema de evaluación semicuantitativa de la vigilancia de la encefalopatía espongiforme bovina utilizando el proceso de jerarquía analítica Resumen Valorar los resultados de las labores de vigilancia es importante para estimar el riesgo de encefalopatía espongiforme bovina (EEB) en un país en particular o en los países de origen de productos bovinos importados. Aunque se han propuesto diversos métodos para evaluar cuantitativamente los resultados de la vigilancia, por ahora no hay ninguno contrastado que aborde la vigilancia desde un punto de vista cualitativo. Basándose en el proceso de jerarquía analítica, los autores han elaborado un método objetivo para evaluar los aspectos cualitativos de la vigilancia de la EEB. En el curso de reuniones de expertos se definieron una serie de factores relacionados con la credibilidad de la vigilancia, que después fueron ordenados según una estructura jerárquica. Acto seguido, estos factores jerarquizados fueron objeto de ponderación con el fin de aplicar a la evaluación un sistema de puntuación. El resultado final fueron 13 factores de evaluación que comprendían tres niveles jerárquicos. Al evaluar con este método la vigilancia en Japón previa y posterior a un caso de EEB, se observó que después del brote mejoraba la calidad de la vigilancia. Aunque los resultados del estudio dejan pensar que la selección de expertos influyó sensiblemente en las conclusiones finales, los autores creen que este método también podrá aplicarse a la creación de sistemas de evaluación cualitativa referidos a otras enfermedades.
